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Executive Summary

PROJECT TITLE: Cottonwood Lake/ Medicine Creek Watershed Assessment

PROJECT START DATE: 5/1/99 PROJECT COMPLETION DATE: 5/1/00
FUNDING: TOTAL BUDGET: $169,032.00

TOTAL EPA GRANT: $101,420.00

TOTAL EXPENDITURES

OF EPA FUNDS: $87,673.43

TOTAL SECTION 319

MATCH ACCURED: $66,749.55

BUDGET REVISIONS: None
TOTAL EXPENDITURES: $154,422.98

SUMMARY ACCOMPLISHMENTS

Cottonwood Lake is a natural glacial lake located on Medicine Creek in Spink County.
Medicine Creek drains portions of Faulk, Hand, and Spink counties totaling 135,223
acres to form the 1,649-acre lake. The outlet for the lake has been modified over the
years to hold the lake at a higher level. The most recent work was completed in 1989
when the highway on the north end of the lake was rerouted and a new cement weir was
installed under the new road.

In addition to its listing on the South Dakota 1998 303(d) list for high and increasing TSI
values and pH, many of the property owners and users of the lake have expressed concern
over the intense algae blooms that occur in the lake. These blooms create an undesirable
appearance and are accompanied by unpleasant odors. The object of the study was to
locate areas within the watershed that are contributing to the eutrophication of
Cottonwood Lake. These portions of the watershed will then be targeted for
improvement in a 319-based implementation project. The study was conducted from
May of 1999 through May of 2000. It utilized water quality monitoring data as well as
landuse modeling. Both the Agricultural Non Point Source (AGNPS) model and the
Pacific Southwest Inter-Agency Committee (PSIAC) model were used to assess landuse
in the watershed.

Results

The macrophyte survey found that the density and diversity of aquatic macrophytes in the
lake were low. Emergent macrophytes were also sparse when compared to other area
lakes. Several factors may have contributed to the lack of aquatic macrophytes in the
lake. The presence of large numbers of carp, severe wind-induced turbidity (inhibits
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light), and wave action that causes mechanical damage to plants that prevents the
establishment of large beds of macrophytes.

A survey of the property owners at Cottonwood Lake provided information on cabin
usage as well as individual wastewater facilities around the lake. Many of the cabins are
located on soils that are not suited for septic drainfields due to slow percolation rates.
Other dominant soils in the area are sandy and well drained, which allow phosphorus
leaching when located in close proximity to the lake.

Tributary sampling data revealed that large loads of nutrients and sediment were entering
the lake through the primary tributary, Medicine Creek. These loads of nutrients and
sediments were often accompanied by large concentrations of fecal bacteria, an indicator
of warm-blooded animal waste. Some sites in the drainage area exhibited concentrations
that exceeded the state standards for their beneficial uses. Loads discharging from
Cottonwood Lake were often smaller than those entering the lake, suggesting an
accumulation of nutrients in the lake. The exception to this was the sediment load
leaving the lake, which was larger than the load entering the lake, suggesting bank
stability and erosion problems.

Water quality monitoring in Cottonwood Lake was conducted on a monthly basis
throughout the project period. Inlake water quality testing showed that the lake conditions
are not supporting their beneficial uses. Individual lake parameters were often found to
be at or near their maximum allowable limits. With reasonable reductions in nutrient
loads, the beneficial uses may be restored.

The AGNPS feedlot subroutine identified 19 feedlots that were contributing excessive
phosphorus to Medicine Creek. These phosphorus loads enter Cottonwood Lake and
contribute to the eutrophication problems that exist there. PSIAC provided information
on rangeland and cropland condition as well as potential reductions in the nutrient and
sediment loading to the lake that may be achieved with the implementation of Best
Management Practices (BMP).

A sediment survey of the lake indicated approximately 4,799,050 m® of sediment has
accumulated in the lake basin. Elutriate tests showed no signs of pesticides in the
sediment. Sediment accumulation varied in depth from .3 to 2 meters. Medicine Creek
delivered the majority of this sediment while the remainder entered the lake from
shoreline erosion. Many shoreline areas around the lake have experienced increased
erosion as a result of the raising of the lake level and the large volume of runoff in the
recent wet years.

Recommendations

The following list of restoration alternatives should not be considered to include all
possibilities, nor are they listed in order of priority. This list includes procedures, which
have proven effective in other watersheds and might result in improvement if properly
applied at Cottonwood Lake and in the Medicine Creek watershed above the lake.

1. Information/ Education Program

VI



2. Septic System Management

3. Lake Shore Stabilization
a. Sloping and revegetating the cut banks
b. Macrophyte Establishment

4. Animal Nutrient Management Systems

5. Rangeland BMP
a. Grazing and Rangeland Management
b. Alternative Livestock Watering Sources
c. Windbreak/ Shelterbelt Establishment

6. Cropland BMP

Grassed Waterways

Crop Residue Management

Filter Strips

Integrated Crop Management

. Conservation Crop Rotation

7. Stream Bank Stabilization

opo o

Implementation of these BMPs will result in a reduction of delivered sediment to
Cottonwood Lake by 8%. This will also reduce the delivered phosphorus load by 44%
with an implicit margin of safety. The result will be a shift in average lake TSI values
from non supporting to partially supporting. The reduction in phosphorus will also shift
the lake from nitrogen limited to phosphorus limited. The pH in Cottonwood Lake will
also be reduced through the reduction of the frequency and intensity of the algae blooms
that occur in the lake.
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Lake Identification and Location

Lake Name: Cottonwood Lake State: South Dakota

County: Spink Township: 115N

Range: 65W Sections: 4-5,7-9, 17-18

Nearest Municipality: Redfield Latitude: 44 deg. 47 min. 18 sec. N

Longitude: 98 deg. 40 min. 30 sec. W EPA Region: VIII

Primary Tributary: Medicine Creek Receiving Body of Water: Medicine Creek
Faulkton

I_-l
s . N
BT .6 ﬁai:res|| J\I_‘
— e T
= el 1
_:,.r‘{ J_»-\_.-.r'“'“‘-"-uk g
~ Attt
i
MAC-51
MAC-7
P
Jf61 pcres
L ottonwood
Lake
Acres: 135,223

Figure 1. Cottonwood Lake and Medicine Creek Watershed and Tributary
Sampling Sites
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Introduction

General Lake Description

Cottonwood Lake is a hypereutrophic lake located in a portion of the James River Basin
that lies within Spink County. The lake has an area of 1,649.6 acres (667.6 ha). It
reaches a maximum depth of 9.0 feet (2.7 m) and holds a total water volume of 10,722
acre-ft. It is a natural basin, however, the lake outlet has been modified to maintain a
more stable lake level as well as a greater volume of water. The only major tributary to
the lake is Medicine Creek, which enters on the south end of the lake and flows out
through the north end. Due to its shallow nature, the lake is not subject to stratification of

any type.

Trophic Status Comparison

The trophic state of a lake is a numerical value that ranks its relative productivity.
Developed by Carlson (1977), the Trophic State Index, or TSI, allows a lake’s
productivity to be easily quantified and compared to other lakes. Higher TSI values
correlate with higher levels of primary productivity. A comparison of Cottonwood Lake
to other lakes in the area (Table 1) shows that a high rate of productivity is common for
the region. The values provided in Table 1 were generated from the statewide lake
assessment final report (Stueven, 1996). The TSI for Cottonwood Lake will vary slightly
in this report due to the use of more recent data.

Table 1. TSI Comparison for Area Lakes

Lake Nearest Municipality TSI Mean Trophic State
Redfield Redfield 83.38 Hypereutrophic
Mina Mina 79.76 Hypereutrophic
Rosette Ipswich 78.45 Hypereutrophic
Cottonwood Redfield 76.83 Hypereutrophic
Faulkton Faulkton 76.32 Hypereutrophic
Louise Ree Heights 71.16 Hypereutrophic
Bierman Gravel Pit  Chelsea 70.28 Hypereutrophic
Jones St. Lawrence 68.3 Hypereutrophic
Loyalton Dam Loyalton 65.28 Hypereutrophic
Richmond Richmond 60.16 Eutrophic

Beneficial Uses

The State of South Dakota has assigned all of the water bodies that lie within its borders a
set of beneficial uses. Along with these assigned uses are sets of standards for the
chemical, physical, and biological properties of the lake. These standards must be
maintained for the lake to satisfy its assigned beneficial uses. All bodies of water in the



state receive the beneficial uses of wildlife propagation and stock watering. Following, is
the list of the beneficial uses assigned to Cottonwood Lake, as listed in the state water
quality standards:

(6) Warm water marginal fish life propagation
(7) Immersion recreation

(8) Limited contact recreation

(9) Wildlife propagation and stock watering

Recreational Use

The South Dakota Department of Game, Fish, & Parks provides a list of public facilities
that are maintained at area lakes (Table 2). Cottonwood Lake has two public boat ramps
available for use and each has a boat dock maintained during the summer months. The
ramp along the east side of the lake is also equipped with a public toilet. Cottonwood
Lake has 141 property owners along its shores and there are approximately 130 cabins
that receive use for at least some portion of the year. A growing number of these
residents are developing year-round residency at the lake. In addition to those who live
or own property around the lake, sportsmen and other recreationists regularly use the lake
throughout the year.

Table 2. Comparison of Recreational Uses on Area Lakes

Nearest
ILake Parks Ramps Boating Camping Fishing Picnicking Swimming Municipality
Redfield 1 1 X X X X X Redfield
Mina 1 3 X X X X X Mina
IRosette 1 X X Ipswich
Cottonwood 2 X X X Redfield
IFaulkton 1 1 X X X Faulkton
Louise 1 1 X X X Ree Heights
Bierman Gravel Pit X Chelsea
Jones 1 X X St. Lawrence
ILoyalton Dam 1 X X Loyalton
IRichmond 1 2 X X X X X Richmond




Background/History

Geology

Cottonwood Lake and its watershed lie within the James River Basin division of the
Central Lowland Physiographic Province. The only major geomorphic feature located in
the watershed is the area known as the Orient Hills. They are located at the western end
of the watershed and comprise its beginning. Pierre Shale underlies most of the region
and has been exposed in areas. Bedrock formations include the Niobrara Formation as
well as Carlisle Shale. The area was affected by only one period of glaciation during the
late Wisconsin time. Carbon dating estimates that this occurred between 14,000 and
9,000 years ago. Most of the material that overlies the bedrock consists of till and
outwash-alluvium mixtures with minor amounts of lacustrine sediments. (Christiansen,
1977)

Population Demographics

There are an estimated 62,644 people living within a 65-mile radius of Cottonwood Lake.
The major municipalities included within this region are Aberdeen, Huron, Redfield,
Faulkton, and Miller. The primary sources of income are production agriculture and
agricultural related businesses. In recent years the area has worked hard to diversify its
economy by tapping the available labor market. Today this region is home to companies
such as Mutual of Omaha, Trussbilt, and 3M. (Governors Office, Economic
Development, 2000). Huron and Aberdeen are to be linked to the nation’s interstate
highway system over the next few years, encouraging continued growth of these
communities.

Water Resources

The groundwater in the Medicine Creek watershed is important for two primary reasons.
Approximately 6% of the water entering Cottonwood Lake comes directly from springs.
Underlying Cottonwood Lake is the Tulare Aquifer, which has formed in the glacial till.
This aquifer has very hard water with calcium as the dominant cation in most samples. It
is relatively shallow, typically less than 100 feet, and discharges to the surface in many
areas as it flows from western Hand County into eastern Spink County (Koch, 1980).

Due to periods of drought in this region of the state, groundwater is a more reliable
source of water for area residents. In addition to the Tulare Aquifer, portions of the
Grand, Elm, and other smaller aquifers underlie the area.



Fishery

The most recent fisheries survey was completed July 8-10, 1997. A complete copy of
the survey may be found in Appendix A. Species encountered during the survey included
yellow perch, walleye, northern pike, black crappie, common carp, and black bullhead.
Black bullhead comprised 96% of the total frame net catch. Common carp represented
approximately 2.1% of the total catch. Black crappie comprised approximately 0.72% of
the total catch. Yellow perch, northern pike, and walleye occurred as 0.41%, 0.31%, and
0.16% of the total catch, respectively.

Black crappie populations have been consistently low since 1990. In 1997, catch per unit
effort (CPUE) was the highest at 2.61 with lengths ranging from 19 to 29 cm or 7.5 to
11.5 inches with the majority of the population greater than 22 cm or 8.6 inches. High
water levels may have been beneficial to the population. Yellow perch populations
ranged from 13 to 31 cm or 5 to 12 inches. Again, high water levels may have
contributed to the increased catch of yellow perch. Walleye and northern pike were both
found in relatively low abundances. The walleye were 25 to 41 cm or 9 to 16 inches in
length. The northern pike were 19 to 77 cm or 7.5 to 30 inches in length.

South Dakota Game, Fish and Parks (SDGF&P) recommend commercial fishing efforts
should be encouraged to reduce the black bullhead and common carp populations. The
lake should be managed primarily as a walleye and yellow perch fishery with continued
walleye stockings and direct habitat development towards these species, if feasible.

Threatened and Endangered Species

There are no threatened or endangered species documented in the Medicine Creek
watershed. The US Fish and Wildlife service lists the Whooping crane, Bald eagle, and
Western prairie fringed orchid as species that could potentially be found in the area.
None of these species was encountered during this study; however, care should be taken
when conducting mitigation projects in the Medicine Creek watershed.



Aquatic Macrophyte Survey

The Project Coordinator and SD DENR staff conducted an aquatic plant survey on
August 19, 1999. Very little submerged vegetation was observed throughout the lake.
Emergent vegetation was abundant along the shoreline. Approximately 50 % of the shore
was lined with a variety of species. The identified species and their habitat can be found
in the following table.

Table 3. Cottonwood Lake Aquatic Macrophytes

Common Name Genus Species Habitat
Chairmakers Rush Scirpus pungenes Emergent
Common Reed Phragmites australis Emergent
Submergent/
Coontail Ceratophyllum demersum Floating
Cottonwood Populus deltoides Emergent
Dull-leaf Indigo Amorpha Sfruiticosa Emergent
Green Ash Fraxinus pennsylvanica Emergent
Narrow-Leaved Cattails Typha angustifolia Emergent
Prairie Cord Grass Spartina pectinata Emergent
Reed Canarygrass Phalaris arundinacea Emergent
River Bulrush Scirpus fluviatilis Emergent
Sago Pondweed Potamogeton pectinatus Submergent
Sand Bar Willow Salix exigua Emergent
Smartweed Polygonum spp. Emergent
Sedge Carex spp. Emergent
Spikerush Elocharis spp. Emergent
Strawcolored Nutsedge Cyperus strigosus Emergent
Swamp Smartweed Polygonum coccineum Emergent

Very little floating or submergent plant matter was recovered during the aquatic survey.
Two samples of coontail were recovered in the bay at the south end of the lake where the
inlet for Medicine Creek is located. The only sample that yielded any additional plant
matter (sago pondweed) was located at transect 1 (Figure 2). Although only a single
sample of sago pondweed was recovered, it was noted that large and somewhat sparse
beds of the plants were found along the shore on the northwest side of the lake. Table 4
lists the density rating of each plant species along with the lake depth and Secchi reading
at each position. The density was rated according to the number of times that the plant
was recovered at each position by means of a plant grapple thrown in four different
directions. A density rating of 5 means the species was dense while a 1 indicates that it
was present but sparse at that location. Figure 2 contains a map indicating the location of
each transect. Sampling position A for each transect was located close to the shore while
the position B was located closer to the center of the lake. Transect 22 was the only
exception to this with position A located along the west shore of the bay and position B
located along the east edge of the bay.



Aquatic plant growth and colonization may be linked to the mean Secchi depth for a lake
(Canfield, 1985). Canfield proposed that there is a direct link between the mean depth
that plants will colonize in a lake and its Secchi reading. Using data from Wisconsin
lakes, he came up with the following relationship where MDC is the maximum depth of
colonization and SD is the mean Secchi depth.

Equation 1. Mean Depth Colonization Calculation

log MDC = ( .61 log SD )+ .26

When calculated for Cottonwood Lake (mean Secchi = 1.0 m), a depth of 1.8 meters (5.9
feet) was found to be the maximum expected depth for macrophyte colonization.

Table 4. Cottonwood Lake Aquatic Plant Densities

Transect Position [Secchi (ft)| Depth (ft) | Coontail Sago Pondw eed
1 A 1.5 4 - -
1 B 1.3 7 1
2 A 1.3 4 -
2 B 1.3 6
3 A 1.5 3
3 B 1.6 5
4 A 1.6 3
4 B 1.7 5
5 A 1.3 4
5 B 1.8 5
6 A 0.5 3
6 B 1 4
7 A 0.8 4
7 B 1.3 5
8 A 1.5 4
8 B 2 6
9 A 1.5 4
9 B 1.6 6
10 A 1.3 3
10 B 1.6 6
11 A 2 3
11 B 1.9 6
12 A 1.6 5
12 B 2 6
13 A 1.9 4
13 B 2.2 4
14 A 2 4
14 B 1.8 6
15 A 1.5 4
15 B 2.2 6
16 A 1.9 4
16 B 2 4
17 A 1.5 4
17 B 1.7 5
18 A 1.8 4
18 B 2 5
19 A 2.1 4
19 B 2 5
20 A 1.8 4
20 B 2.5 5
21 A 2 4
21 B 1.9 6 -
22 A 1.4 4 2
22 B K 4 -




Figure 2. Cottonwood Lake Aquatic Plant Survey Transect Lines
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The shoreline around Cottonwood Lake was home to a variety of lakeshore plant species.
The shoreline along the inlet at the south end of the lake was lined with cattails.
Willows, prairie cord grass, dull leaf indigo, and smartweed were found on the wet
ground surrounding the cattails. The riparian area surrounding the remainder of the lake
had scattered stands of reed canary grass, prairie cord grass, smartweed, dull leaf indigo,
cottonwood trees, and willow trees. Emergent species that grow in the water such as the
sedges, bulrushes and cattails were very scarce outside of the inlet. The few stands of
these species that were observed were small and sparsely populated. A map located in
Figure 3 shows the general location of some of the more prominent species around and
within the lake.
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c C P = Prairie Cord Grass
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Figure 3. Location of Prominent Aquatic Plant Species in Cottonwood Lake



Septic Survey

A septic survey was conducted at the lake during late fall and early winter.
Questionnaires and letters explaining the reason for the survey were mailed to all of the
property owners at the lake. Of the 141 property owners, 112 (80%) responded to the
mailing. Information requested included the type of wastewater disposal system their
cabin was equipped with, fertilizer and pesticide use, presence of artesian wells, and
annual usage of their cabin.

The primary focus of the survey was intended to give a general idea of the types of
wastewater management systems that are being used around the lake. Table 5 indicates
the recurrence of the different systems used. Almost all of the septic systems are less
than 200 feet from the lake with some located within 100 feet. Soils for this area include
Houdek Loams and Maddock Sandy Loams. The Houdek Soils on the western side of
the lake are classified as severely limited for septic suitability due to slow percolation.
This portion of the lakeshore is subject to high water tables that may cause failed septic
systems to leach to the lake. The eastern side of the lake consists primarily of Maddock
soils. These soils are excessively well drained and allow for some leaching of
phosphorus to the lake.

Table 5. Frequency of Septic System Types

Outhouse 28%
Septic system draining away from lake 50%
Septic system draining to the lake 3%
Porta Potty 1%
Holding Tank 2%
Other (usually no facilities) 8%
Combination of 2 systems 8%

These onsite wastewater disposal facilities are an important consideration when
assessing the nutrient load to the lake. Phosphorus loads from those facilities can and do
reach the lake, adding to its nutrient load. A method was developed by Rodiek on
Lobdell Lake in Michigan to assess the impact of septic systems on the nutrient loads.
Using part time and full time residency as well as loads from Table 6, he was able to
develop an annual loading to the lake.

Table 6. Phosphorus Loading Rates, (Copied from Rodiek, 1978)

Lake Residences

Assumptions Loading rates to septic systems
4 people per residence without detergent ~ 0.50 kg x capita™ x yr
50% occupancy of residences detergent only 1.60 kg x capita” x yr'
50% use of phosphorus detergent  detergent only 1.10 kg x capita™ x yr'"




Equation 2. Phosphorus Export for Permanent Residence:

05_<e-P  dcapita |, ke-P 4l s b getergent || 42— <8P
capita - yr residence capita - yr residence residence - yr

]_Equation 3. Phosphorus Export for Temporary Residence (assumed 50% of year
occupancy):

0.5 kg-P N 4c'apita L1 kg-P N 4 capita
capita- yr residence

kg-P
residence yr

: - x0.50P detergent| |x 0.5occupancy=2.1
capita- yr _residence

Using these estimates for phosphorus contributions to the septic system from each
permanent and temporary residence on Cottonwood Lake, a total contribution can be
calculated:

kg-P
4.25— x 17 permanentresidence=71.4kg - P
residence
kg-P .
————x112seasonalresidence=235.2kg - P
residence

2.1

These calculations combine for a total of 306.6 kg of phosphorus that could be delivered
to the septic systems around the lake. Rodiek found phosphorus retention in the soil to
range from 25% to 75%. This would yield from 76.7 kg to 230 kg of delivered
phosphorus to Cottonwood Lake. Taking into consideration the high levels of caffeine
that were measured in the lake (discussion on page 71); the large increase in nitrates that
occurred during mid-summer; as well as the leaching potential of some of the soil; a
conservative estimate of 65% of the phosphorus load could be assumed to be reaching the
lake on an annual basis (199.3 kg). Septic leachate accounts for 4% of the total
phosphorus load to Cottonwood Lake.

Cabin and lake use were also addressed in the survey. Table 7 indicates the amount of
time that the cabins and lake are used each year.

Table 7. Lake Residence Use

Never used 9%
30 days or less 43%
31 to 180 days 31%
181 to 210 days 5%
Permanent 12%

The final issues that the survey addressed were the use of pesticides, fertilizers, and the
presence of flowing or artesian wells. Some type of pesticide use during the year was
indicated by 20% of the respondents. This varied from weed killers to insect repellents
for grass and garden crops. Fertilizer use was reported by 28% of the respondents with
the majority applying nitrogen at various rates. Individuals reporting flowing wells were
contacted and the amount of water discharging into the lake was calculated. Random
samples of the various wells were also collected to determine the impact that they have
on the lake.
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PSIAC

The Pacific Southwest Inter-Agency Committee (PSIAC) model is an assessment tool
designed to determine sediment loadings in large watersheds that are greater than 50%
grass and rangeland. The model is based on characteristics such as land use, cropping
practices, soil types, local climate, and stream characteristics. The evaluation is done
using a multidisciplinary team consisting of local and regional NRCS personnel, staff
from Water Resource Assistance Program, and local coordinators. NRCS personnel in
the South Dakota State Office then generate the report. The complete PSIAC report may
be found in Appendix B.

PSIAC bases reduction estimates on expected participation rates of BMP application.
These rates are broken down into three classes for Low, Moderate, or High involvement.
Low participation rates expect Best Management Practices (BMP) on 20% of the
rangeland and 10% of the cropland. Moderate participation is based on 30% for
rangelands and 15% for croplands. High participation is based on 40% for rangeland and
20% for cropland. These percentages are based on the improvement of range condition
by a factor of one class such as fair to good. Cropland percentages are based on
improving crop residue as well as the addition of buffer strips and other BMPs. Table 8
indicates the number of acres that could be expected to be involved in BMPs to reach the
participation rates. The acre totals in the PSIAC report were generated by the NRCS and
are not equal to those used in the rest of the report. The primary cause for this is the
uncertainty of the exact boundary of the watershed, particularly in areas with very little
slope.

Table 8. Acres in BMP to Achieve Participation Rates

Acres in BMP
Land Use Acres Low Moderate High
Range 80,707 16,141 24,212 32,283
Cropland 52,703 5,270 7,905 10,541
Hay/Crop 24,773 0 0 0
Other 3,230 0 0 0
Total Acres 161,413 21,412 32,118 42,823

PSIAC deals exclusively with sediment (suspended solids loads) but phosphorus loads
may be linked to these loads. Phosphorus loads may be found in two primary forms,
attached and dissolved. Attached loads are calculated by subtracting the dissolved
portion of the load from the total load. The loads used in equation 4 were generated by
the FLUX program and will be addressed later in this report.

Equation 4. Attached Phosphorus Calculation
Total Phosphorus — Dissolved Phosphorus = Attached Phosphorus

5894 kg — 3468 kg = 2426 kg of Attached Phosphorus
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Medicine Creek delivers a total load of 5,894 kg of phosphorus to Cottonwood Lake
annually. Of this, 2426 kg (41%) is attached to suspended solids. The annual suspended
solids load is 979,173 kg. Attached phosphorus (AP) loads were linked to total
suspended sediment (TSS) loads on Lake Lanier in Georgia and on the Chattahoochee
River (Rasmussen, 2000). Loading ratios of AP: TSS for Lake Lanier in Georgia ranged
from .0025 to as high as .009, while the Chattahoochee River had a value of .004. The
attached phosphorus to total suspended sediment ratio for Cottonwood Lake is a
conservative AP=.002 TSS.

Equation 5. Attached Phosphorus Ratio

TotalAttachedPhosphorous  2426Kg
TotalSuspendedSolids 979,173Kg

As proposed by Rasmussen, reducing the suspended solids load will reduce the attached
phosphorus load by an equal percentage. The total phosphorus load will be reduced by a
smaller percentage because the sediment reduction will not affect the dissolved portion of
the load. When this ratio is used with the reduced solids loads predicted by PSIAC,
reduction estimates can be calculated. Table 9 indicates the phosphorus reductions that
can be expected when the participation rates are met. Solids reductions vary from 4.3%
to 7.6% for the highest participation rate. Phosphorus reductions from rangeland and
cropland BMPs ranged from 1.8% to 3.1%.

Table 9. Expected Suspended Solids and Phosphorus Reductions from PSIAC

Participation Rate Low Moderate High
% Suspended Solids Reduction 4.3% 5.6% 7.6%
Annual Suspended Solids Load 979,173 979,173 979,173
Predicted Suspended Solids with Reduction 937,069 924,339 904,756
Ratio Attached Phosphorus: Suspended Solids 0.002 0.002 0.002
Annual Phosphorus Load 5,894 5,894 5,894
Predicted Attached Phosphorus after Reduction 2,322 2,290 2,242
Predicted Total Phosphorus after Reduction 5,790 5,758 5,710
% Total Phosphorus Reduction 1.8% 2.3% 3.1%
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AGNPS

To uniformly assess the impact of the animal feeding operations located within the
watershed, the Agricultural Non-Point Source (AGNPS) feedlot assessment subroutine
was employed. A complete evaluation was conducted on all animal-feeding areas with a
defined drainage to Medicine Creek. Lots with drainage confined to a small area with no
defined discharge were not rated during the assessment because they had little or no
impact. Lots that were rated were assessed for a 25-year, 24-hour storm event in the

drainage area. This is the largest event that waste systems in the area are designed to
handle.

The Cottonwood Lake and Medicine Creek drainage area consists of a very high
percentage of range and pastureland (86%) mixed with cropland (12%). Due to the high
percentage of grassland, an AGNPS model was not completed on the entire watershed.
The PSIAC model was used to assess rangeland and cropland conditions and estimate
sediment delivery rates. The subwatersheds contain a large number of animal feeding
operations (AFOs) that PSIAC is not capable of assessing. The AGNPS Animal Feeding
Operation Subroutine was used to assess each of those areas. Each feedlot was
numbered, linked to a subwatershed, and then assessed to obtain an AGNPS ranking
number. AGNPS ranks feedlots from 0 to 100 for a 25-year, 24-hour storm event
simulation, which is the equivalent of a 4.1-inch rainfall event for this area. A ranking of
zero equals no expected water quality impacts, increasing numbers are not necessarily
linked to a nutrient load, however higher rankings would be expected to have a greater
impact on the water quality. The 25-year, 24 hour event was selected because it is used
as the design event for constructing animal waste systems in the area.

There were 61 feeding areas identified during a visual survey conducted during the
summer of 1999. Many of the lots targeted for assessment were used for only a small
portion of the year, often as holding lots for calves prior to sale. Of the 61 feeding areas,
the AFO subroutine was completed on 60. One lot was under expansion and no data was
accessible for it. Twenty-seven lots received a rating of 0 for a variety of reasons; some
were no longer being used, some did not receive enough use to rate them, and in a few
instances the lots were in a closed drainage system with no discharge to the stream
system. The remaining lots received rankings from 12 to 92. Table 10 indicates the
predicted phosphorus loads originating from AFOs that could be expected to discharge
from each of the subwatersheds as a result of a 4.1-inch rainfall event. Table 10 also
indicates the total annual phosphorus discharge that occurs from each of these
subwatersheds.
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Table 10. Calculated and AGNPS Predicted Phosphorus Loads to Cottonwood
Lake

AGNPS Predicted Phosphorus Loads Calculated Total Annual
Sub-Watershed for Design Event (kg) Phosphorus Loads (kg)
MC-1 597 1637
MC-2 163 2121
MC-3 47 171
MC-4 717 1544
MC-5 285 1459
MC-6 1061 5894

Data obtained from a 1.25-inch rainfall event, which occurred during late April of 2000,
allowed for a comparison between AGNPS-predicted loads and actual loads, using the
AGNPS feedlot subroutine to simulate a 1.25-inch rainfall. The model predicted that 160
kg of phosphorus would be delivered to Cottonwood Lake from the AFOs. Calculated
loads for this storm event were 406 kg of total phosphorus delivered to the lake.
Comparing the two loads would indicate that approximately 39% of the total P load to the
watershed was the direct result of AFO discharge. The 20 AFOs that ranked at 34 or
greater represented 34% of the phosphorus load to Cottonwood Lake. These lots were
selected because each one contributed over 1% of the AFO portion of the phosphorus
load. Considering the annual load to Cottonwood Lake, the highest-ranking AFO (92)
contributed 16% while the remaining 19 AFOs individually contributed approximately
1% of the load.

The phosphorus load may be substantially reduced in the future by the removal of one of
the AFOs from subwatershed MC-1. This particular AFO rated at 92 and contributed
over 42% of the AGNPS total predicted phosphorus load. This feeding operation is
currently under the permitting process and will have a waste management system
installed. Subwatershed MC-1 also had an additional lot under construction but no rating
information was available for it. The phosphorus load for the AFOs located above each
of the monitoring sites is listed in Table 10. Individual AFO data is available in
Appendix B.
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Sediment Survey

The amount of soft sediment on the bottom of a lake may be used as an indicator of the
volume of erosion occurring in its watershed and along its shoreline. The soft sediment
on the bottom of lakes is often rich in phosphorus. Due to Cottonwood Lake’s shallow
nature, wind induced wave action agitates the bottom of the lake bringing those
sediments and nutrients into the water column. The accumulation of sediments in the
bottom of lakes may also have a negative impact on fish and aquatic invertebrates.
Sediment accumulation may often cover bottom habitat used by these species. The end
result may be a reduction in the diversity of aquatic insect, snail, and crustacean species.

The sediment survey on Cottonwood Lake was conducted during May of 2000. While
normally conducted during a period of ice cover, the warm winter of 1999-2000 resulted
in its completion from a boat. Along with water and sediment depths, an elutriate
sample was collected from the lake for pesticide analysis.

Cottonwood Lake has an estimated sediment volume of 4,799,050 m3. A majority of this
volume is found throughout the center of the lake. Most of the lake has 1 meter of
sediment with approximately 3 meters of water over it. A bathymetric map of the
sediment in Cottonwood Lake can be found in Figure 4. In many cases there was little
or no sediment accumulation near the shoreline where water depths were substantially
less than in the center of the lake. This is most likely due to the wind driven turbidity in
the lake, the shallow water along the edges is agitated more often moving the sediment to
the center of the lake where it is able to settle back to the bottom.

Elutriate samples were collected with a Petite Ponar and shipped to the State Health Lab for
analysis. In addition to sediment, a volume of 3 gallons of water was collected at each of the
testing sites as well and was analyzed for the same chemicals as the sediment. The results of
the elutriate test completed on the lake were all below the detection limit with the exception
of lead, which was found at a concentration of 0.1 ppb. Table 11 indicates the various toxins
that were tested for in the elutriate sample.

Table 11. Toxins that were Screened for in the Elutriate Test at Cottonwood Lake

Elutriate Test Toxins (none detected)
ALACHLOR DIAZINON
CHLORDANE DDD
ENDRIN DDT
HEPTACHLOR DDE
HEPTACHLOR EPOXIDE BETA BHC
TOXAPHENE HAMMA BHC
ALDRIN ALPHA BHC
DIEDRIN MERCURY
PCB LEAD
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Contour intervals measured in feet

Figure 4. Cottonwood Lake Sediment Map
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Quality Assurance/ Quality Control (QA/QC)

Quality Assurance/ Quality Control (QA/QC) samples were collected for 10% of the
inlake and tributary samples taken. A total of 30 lake samples were collected along with
three sets of duplicates and blanks. The 43 tributary samples had six pairs of duplicates
and blanks collected with them. Complete test results for duplicates and blanks may be
found in the following figures (blank samples with detectable levels of nutrients are
highlighted).

Blank inlake samples yielded undetectable levels of all nutrients and solids with the
exception of the total solids. Total solids were detected in all three of the blank samples
that were placed with the lake samples. This may be the result of contaminated distilled
water or poorly rinsed sample bottles.

Inlake duplicate samples consistently produced differences of less than 10 % for most
parameters. Suspended and volatile solids had large differences (>25%) on several
occasions. However, data pairs that were often 1 or 2 mg/L different often produced
these large percentages. This is primarily due to the low concentrations found in the
samples.

Tributary samples had several parameters in which detectable levels of nutrients were
obtained from blank samples. Two instances of dissolved phosphorus without detectable
total phosphorus in the blanks may be directly attributed to inadequate rinsing of the
filtering apparatus. Two detections of total solids as well as one instance of suspended
solids were also obtained from blank samples. Total solids might be attributed to low-
grade distilled water. There was also one blank sample that had a level of nitrate at the
detection limit.

Duplicates for the tributary samples produced consistently lower percent differences than
the inlake samples. Higher percent differences were indicated in the same parameters as
the inlake samples, that is with volatile and suspended solids. Low concentrations were
again responsible for the larger percent differences.
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SITE DATE Sample Type Total Total Total Total Ammonia | Nitrate | TKN [ Total Phosphorus |  Total Dissolved Fecal Coliforms | Total Volatile Suspended
Alkalinity Solids Dissolved Suspended Phosphorus Solids
Solids Solids
MC-9 06/08/1999 BLANK <7 <5 <5 <1 <0.02 <0.1 <0.14 <0.002 0.01
MC-11 06/08/1999 DUPLICATE 310 1576 1486 19 0.01 0.05 3.15 1.04 0.898
MC-1 06/08/1999 GRAB 312 1591 1497 23 0.01 0.05 3.10 1.01 0.927
% Difference 1% 1% 1% 19% 0% 0% 2% 3% 3%
MC-9 06/29/1999 BLANK <7 <5 <4 <1 <.02 <1 <.14 <.002 <.002 <10
MC-12 06/29/1999 DUPLICATE 398 1365 1294 22 0.01 A 1.9 951 874 770
MC-2 06/29/1999 GRAB 395 1391 1269 36 0.01 A 1.88 952 843 740
% Difference 1% 2% 2% 48% 0% 0% 1% 0% 4% 4%
MC-9 11/16/1999 BLANK <7 || 9 || <4 <1 <.02 || 0.1 || <.14 <.002 <.002 <10
MC-12 11/16/1999 DUPLICATE 411 1609 1528 13 0.01 0.05 0.55 0.092 0.056 10 1
MC-2 11/16/1999 GRAB 401 1614 1533 10 0.01 0.05 0.56 0.097 0.057 10 1
% Difference 2% 0% 0% 26% 0% 0% 2% 5% 2% 0% 0%
MC-9 05/04/2000 BLANK <7 <5 <4 <1 <.02 <1 <.14 <.002 <.002 <10
MC-17 05/04/2000 DUPLICATE 334 1504 1430 26 0.3 0.1 2.33 0.248 0.182 60 5
MC-7 05/04/2000 GRAB 333 1504 1432 19 0.32 0.1 1.77 0.241 0.160 60 1
% Difference 0% 0% 0% 31% 6% 0% 27% 3% 13% 0% 133%
MC-9 04/27/2000 BLANK <7 || 9 || <4 1 <.02 <1 <.14 <.002 <.002 <10
MC-14 04/27/2000 DUPLICATE 409 3411 3122 78 0.01 0.05 3.56 0.363 0.108 2600 22
MC-4 04/27/2000 GRAB 412 3417 3184 76 0.01 0.05 345 0.366 0.111 3000 22
% Difference 1% 0% 2% 3% 0% 0% 3% 1% 3% 14% 0%
MC-9 03/07/2000 BLANK <7 <5 <4 <1 <.02 <1 <14 <.002 || 0.002 || <10 <1
MC-15 03/07/2000 DUPLICATE 308 1540 1459 12 0.03 0.05 1.79 0.451 0.330 110 5
MC-5 03/07/2000 GRAB 313 1538 1467 7 0.02 0.1 1.66 0.437 0.337 90 3
% Difference 2% 0% 1% 53% 40% 67% 8% 3% 2% 20% 50%
Max Error for Duplicates 2% 2% 2% 53% 40% 67% 27% 5% 13% 20% 133%
Standard Error for Duplicates 1% 1% 1% 30% 8% 11% 7% 3% 4% 8% 46%
Maximum Value for Blanks 0 9 0 1 0 0.1 0.00 0.000 0.01 0 0

Figure 5. QA/QC Data

18




SITE DATE Sample Type Total Total Total Total Ammonia | Nitrate TKN | Total Phosphorus |  Total Dissolved Fecal Coliforms | Total Volatile Suspended
Alkalinity Solids Dissolved Suspended Phosphorus Solids
Solids Solids
CL-9 10/26/1999 BLANK <7 <5 13 <1 <.02 <1 <.14 <.0002 <.0002 <10 <1
CL-11 10/26/1999 DUPLICATE 320 1427 1385 7 0.04 0.1 1.55 0.219 0.185 5 6
CL-1 10/26/1999 GRAB 319 1425 1391 3 0.02 0.1 1.75 0.206 0.173 10 1
% Difference 0% 0% 0% 80% 67% 0% 12% 6% 7% 67% 143%
CL-9 02/16/2000 BLANK <7 <5 || 4 <1 <.02 <1 <.14 <.002 <.002 <10 <1
CL-13 02/16/2000 DUPLICATE 334 1626 1573 3 0.01 0.05 1.59 0.248 0.204 1 3
CL-3 02/16/2000 GRAB 335 1631 1568 2 0.01 0.05 1.48 0.226 0.218 1 1
% Difference 0% 0% 0% 40% 0% 0% % 9% % 0% 100%
CL-9 03/23/2000 BLANK <7 <5 || 10 <1 <.02 <1 <.14 <.0002 <.0002 <10 <1
CL-11 03/23/2000 DUPLICATE 311 1449 1384 20 0.03 0.1 1.90 0.282 0.200 5 5
CL-1 03/23/2000 GRAB 310 1443 1376 19 0.03 0.1 1.91 0.282 0.199 5 4
% Difference 0% 0% 1% 5% 0% 0% 1% 0% 1% 0% 22%
Max Error for Duplicates 0% 0% 1% 80% 67% 0% 12% 9% 7% 67% 143%
Standard Error for Duplicates 0% 0% 0% 42% 22% 0% 7% 5% 5% 22% 88%
Maximum Value for Blanks 0 0 13 0 0 0 0 0 0 0 0

Figure 6. QA/QC Data
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Hydrologic Data

Project Hydrologic Loading Budget

There are several sources of water to Cottonwood Lake, of which the primary source is
Medicine Creek. The water budget in Figure 5 represents the total hydrologic loadings
that occurred to the lake during the project. The sum of all of the inputs yields
13,952,000 cubic meters of runoff or 11,000 acre-feet.  Rainfall totals were kept at the
inlet to the lake and were approximately 21.35 inches. All of the flowing wells along the
lake were measured, and comprised about 1% of the total hydrologic budget for the lake.
In order to simplify loading calculations, the flowing wells will be included in the
groundwater. A gauging station was maintained at the inlet to the lake to determine its
contribution to the budget, which amounted to 9.5 million m’. To determine the amount
of groundwater entering the lake, an estimate of evaporation and stream gauging data
from the outlet were totaled. The difference is reflected as the 6% represented by the
groundwater portion of the graph.

Figure 7. Project Hydrologic Loading Budget for Cottonwood Lake
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Annual Hydrologic Loading Budget

The Annual Hydrologic Budget (Figure 6) represents the hydrologic budget of
Cottonwood Lake for a typical year. Data from the United States Geologic Service
(USGS), which maintained a gauging station at site MC-6 (inlet to the lake) for a period
of 30 years, was used to determine the average annual flow of the stream at the inlet to
the lake. USGS estimates that in an average year Medicine Creek contributes
approximately 4,590 acre-feet of water to the lake. The average annual precipitation at
Cottonwood Lake is approximately 18 inches. Taking into account these two factors as
well as estimating that the groundwater and well contributions remain relatively constant,
the following representation of Cottonwood Lake’s average annual hydrologic budget
was produced. In a typical year, Medicine Creek accounts for 59% of the water entering
the lake. For calculation of loadings for this report, the water budget for the project
period was used due to the lack of USGS data for the other sites in the watershed.

Figure 8. Annual Hydrologic Loading Budget for Cottonwood Lake
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Nutrient and Sediment Budgets

As streams and rivers pass through lakes, ponds, and other impoundments, they may lose
or accumulate nutrients and sediments. Medicine Creek exhibits a loss of some nutrients
as it passes through the lake. It loses approximately 50% of its total phosphorus load and
60% of the dissolved phosphorus portion of the load. It also appears to lose
approximately 10% of its organic nitrogen.

Nitrates/ nitrites and ammonia increased as Medicine Creek passed through Cottonwood
Lake. This increase may be linked to the decrease in organic nitrogen. The most likely
source of the increased nitrates and ammonia is the breakdown of organic forms of
nitrogen into inorganic forms.

A loss of sediment is expected as a stream passes through a lake. In the case of
Cottonwood Lake this does not happen. The lake is large, yet so shallow that wind
induced wave action prevents many of the suspended sediments from settling out of the
water column. The sediments that do settle out are easily resuspended. In the case of
Cottonwood Lake more sediment actually left the lake than accumulated in it during the
project. Approximately 243 tons more, which is a 30% increase over the sediment load
to the lake. The most likely source for this sediment is the cutbank shoreline along the
eastern and southeastern sides of the lake.

Table 12. Nutrient and Sediment Budgets

Units Inlet Outlet Difference

Total Phosphorus kg 5894.1 2901.6 -2993
Total Dissolved Phosphorus kg 3467.7 1385.8 -2082
Total Alkalinity Tons 3654.0 4193.7 539
Total Solids Tons 16908.0 17616.4 708
Total Dissolved Solids Tons 14534.0 16238.0 1704
Total Suspended Solids Tons 836.0 1079.4 243
Ammonia kg 119.1 1406.5 1287
Nitrate/ Nitrite kg 593.9 2642.9 2049
Total Nitrogen kg 22949.0 23867.1 918
Organic Nitrogen kg 22235.9 19817.8 -2418
Inorganic Nitrogen kg 713.0 4049.3 3336
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Tributary Water Quality

The state of South Dakota assigns a set of beneficial uses to all bodies of water in the
state. There are a total of eleven beneficial use classifications. Uses nine and ten, fish
and wildlife propagation, recreation, and stock watering and irrigation are assigned to all
streams and rivers. There are five water quality criteria that must be maintained to
remain in compliance with these standards. Table 13 indicates the eight standards as well
as the water quality values that must be maintained for each one.

Table 13. State Water Quality Standards

<50 mg/L (mean)

<88 mg/L
Nitrate (single sample)
<750 mg/L (mean)
<1,313 mg/L
Alkalinity (single sample)
pH < 6.5 and <9.5 su
<2,500 mg/L for a 30 day geometric mean
Total Dissolved Solids <4375 mg/L daily maximum for a Grab Sample

Total Petroleum Hydrocarbon Less than or equal to 10 mg/L
Oil and Grease Less than or equal to 10 mg/L
Sodium Adsorption Ratio Less than or equal to 10 mg/L

<4,000 umohs(mean)
<7,000 umohs
Conductivity (single sample

Subwatersheds

Water quality test results indicated that the levels required for nitrate, alkalinity, pH, and
conductivity were met at all times. No exceedences were recorded during the project,
however very high total dissolved solids levels ranging from 2582 to 3184, which
occurred from March 9 through April 27, 2000, were recorded. These levels may have
occurred as a result of discharge from a spring a short distance upstream from the sites.
The Tulare Aquifer underlies this area and is located fairly shallow in the glacial till. This
aquifer has been found (when tested) to have total dissolved solids levels in excess of
4000 mg/L. (Hamilton and Howells, 1996).

The Cottonwood Lake watershed was divided into seven subwatersheds. Figure 7 depicts
the percentage of land area that each subwatershed occupies in the Medicine Creek
drainage. Six of these compose the Medicine Creek drainage while the seventh consists
of the area surrounding the lake. Figure 8 indicates the flow path that nutrients, sediment
and water take as they move through the watershed. Drainage MC-1 flows into
subwatershed MC-4, which ultimately discharges into subwatershed MC-6.
Subwatershed MC-5 receives loadings from MC-2 as well as MC-3 and discharges into

23



MC-6. Subwatershed MC-7 consists of Cottonwood Lake as well as the land area
immediately surrounding the lake.

Subw atershed Acres
(127,462 Total Acres)

MC-6
1%

MC-1
29%

MC-5
9%

MC-4
17%
MC-3 MC-2
9% 25%

Figure 9. Subwatershed Acres in Medicine Creek

MC-7

Figure 10. Subwatershed Flow Diagram for Medicine Creek
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To calculate the nutrients and sediment that each subwatershed produced, it was
necessary to subtract the load entering each subwatershed from the load discharging from
it. To exemplify this, the total phosphorus load is calculated in Equation 6. The
measured phosphorus load at site MC-6 was 5894 kg. Incoming loads from
subwatersheds MC-4 and MC-5 were 1544 kg and 1459 kg respectively.

Equation 6. Subwatershed Loading

[MC-6] — (IMC-5]+[MC-4])= [MC-6] Subwatershed Load
5,804 kg — (1,544 kg + 1,459 kg) = 2,891 kg

This would indicate that a total of 2,891 kg of phosphorus was added to Medicine Creek
as a direct result of subwatershed MC-6. In some instances a negative subwatershed load
is obtained. This indicates that processes occurring in the stream within that
subwatershed were able to consume or restrict the transport of some nutrients and
sediments. This was often true when comparing the load entering Cottonwood Lake
(MC-6) to the load leaving the lake (MC-7). Medicine Creek flows through various
small ponds, stock dams, and marshes as it travels to Cottonwood Lake. They may
account for a majority of the reductions occurring in the tributary system. The lake was
also acting as a nutrient and sediment sink.
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Tributary Water Quality Methods

Flow Calculations

A total of seven tributary monitoring sites were selected along Medicine Creek, the
primary tributary to Cottonwood Lake. The sites were selected to determine which
portions of the watershed were contributing the greatest amount of nutrient and sediment
load to the lake. Four of the sites were equipped with Stevens Type F stage recorders.
The remaining three sites were equipped with ISCO flow meters attached to a GLS auto-
sampling unit. Water stages were monitored and recorded to the nearest 1/100™ of a foot
for each of the seven sites. A March-McBirney Model 210D flow meter was used to
determine flows at various stages. The stages and flows were then used to create a
stage/discharge table for each site. Daily discharge tables may be found in Appendix F,
while stage-to-discharge tables are located in Appendix E.

Load Calculations

Total nutrient and sediment loads were calculated with the use of the Army Corps of
Engineers Eutrophication Model known as FLUX. FLUX uses individual sample data in
correlation with daily discharges to develop six loading calculations. As recommended
in the FLUX application sequence, a stratification scheme and method of calculation was
determined using the total phosphorus load. Stratification schemes were based on
seasonal data, which analyzed spring data separately from flows occurring the rest of the
year.